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NONMETRIC CRANIAL TRAIT EXPRESSION IN PRE-CONTACT 
SOUTHWEST NATIVE AMERICANS AND MODERN ASIANS  
MEGAN L. ATKINSON 
ABSTRACT 
Traditionally, pre-contact Native Americans have served as a biological reference 
for identifying modern Asian individuals in aspects of the biological profile due to their 
distantly shared genetic history, although this assumption remains largely untested. This 
study explores the craniomorphic variability between Asian and Asian-derived groups to 
ascertain whether they can be differentiated using population-specific models. Cranial 
and mandibular nonmetric trait data were recorded on pre-contact Native Americans 
(n=150) and compared within a statistical framework to cranial trait data for modern Thai 
(n=150) and Japanese (n=150) individuals. Chi-square analyses indicate that the groups 
exhibit statistically significant differences in their trait expressions. Of the 35 traits 
analyzed, 31 differ significantly between the groups. Binary logistic regression equations 
for differentiating the Japanese, Thai, and Native Americans are presented, and cross-
validated correct classification rates range 60.0-90.0%. Further, the inclusion of sex into 
the logistic regression equations failed to improve their accuracies. The results indicate 
that the Native American and Asian groups are not skeletally homogenous due to 
divergent population histories, and that numerous cranial and mandibular nonmetric traits 
are resolute enough to detect differences within and between Asian and Asian-derived 
groups. Thus, this study highlights the utility of nonmetric traits in identifying individuals 
beyond the traditional African (“Black”), (“White”), and Asian groupings. 
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CHAPTER 1: INTRODUCTION 
The ability to accurately estimate ancestry from skeletonized remains is vital to 
forensic anthropologists, as it narrows the pool of potential decedent matches. Several 
approaches have been developed to assist in the estimation of ancestry. One such 
approach is through the analysis of nonmetric cranial trait expressions (Bass 1995; Brues 
1990; Gill 1998; Hefner 2007, 2009; Rhine 1990). Evaluating the nonmetric trait 
expressions of individuals is beneficial to forensic anthropologists since the traits can be 
assessed relatively quickly without having to rely on expensive equipment. Further, this 
type of analysis can also be conducted on damaged or incomplete crania (Rhine 1990), 
unlike most metric approaches. However, ancestry estimation methods are not free of 
problems. For example, the methods used to assess ancestry were predominately 
developed on African (“Black”) and European (“White”) descended populations 
(Tallman 2016). This can generally be attributed to the lack of ancestral variation within 
skeletal collections throughout North America. As a result, population-specific methods 
for estimating ancestry have not been extensively developed for minority groups. For 
example, pre-contact Native Americans have traditionally served as a biological 
reference for identifying Asian skeletal remains due to their distantly shared genetic 
history and abundance of archaeologically derived Native American remains available for 
study (Bass 1995; Brues 1990; Gill 1998; Rhine 1990). Although the techniques for 
assessing ancestry, sex, stature, and age in Asian individuals are currently being 
evaluated and refined, the idea that pre-contact Native Americans can sufficiently serve 
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as a biological reference for identifying modern Asian individuals has largely remained 
unexplored.  
The continued application of Native American trait lists for identifying Asian 
skeletal remains could result in misclassification. This is particularly problematic in 
forensic settings that include the remains of Asian individuals. As of 2010, the U.S. 
Census Bureau reports that the U.S. Asian population is the fastest growing demographic 
in the U.S., which is demonstrated by a 43% increase from 2000 to 2010 (U.S. Census 
Bureau 2017). Furthermore, there has been minimal research in this area as no direct 
comparison study has tested the assumption that pre-contact Native Americans and 
modern Asians are skeletally homogenous in terms of nonmetric traits. Yet, forensic 
anthropologists routinely use nonmetric trait lists developed on Native Americans to 












CHAPTER 2: PREVIOUS RESEARCH 
Nonmetric Ancestry Estimation Approaches 
Gill and Rhine’s (1990) edited volume, Skeletal Attribution of Race: Methods in 
Forensic Anthropology, significantly influenced and facilitated the use of morphoscopic 
(i.e., nonmetric) traits with regard to the estimation of ancestry in forensic settings 
(Tallman 2016). Specifically, Rhine (1990) provides trait lists that summarize the trait 
expressions expected to be present in populations which he terms Anglo, Hispanic, 
American Indian, and Black. To develop these typological trait lists, Rhine analyzed a 
small sample of  87 skulls (Anglo=53, Hispanic=15, American Indian=12, and Black=7) 
in terms of frequencies for 45 cranial traits. Rhine also provides influential diagrams of 
typical crania derived from these trait lists for “American Caucasoid,” “Southwestern 
Mongoloid,” and “American Black” groups. In particular, Rhine’s “Southwestern 
Mongoloid” trait list and cranial diagram have largely represented the traits expected to 
be present in both Native Americans and Asian populations within forensic anthropology. 
Through the use of the term “Mongoloid,” he implicitly states that the traits correspond to 
individuals of both Native American and Asian ancestry, despite having only analyzed a 
very small sample of Native American crania (n=12). Even though Rhine’s trait lists were 
developed outside of a statistical framework and from small sample sizes, these lists have 
been used extensively to assess ancestry in forensic settings, despite lacking a true 
methodology. As an example, typological trait lists similar to Rhine’s (1990) have been 
replicated in the authoritative publications of Bass (1995) and Gill (1998), among myriad 
others. 
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 The nonmetric trait list approach largely influenced by Rhine (1990) has been 
recently revisited and reevaluated in several skeletal and dental studies aimed at 
understanding nonmetric trait variation and forensic ancestry estimation (Birkby et al., 
2008; Edgar 2005, 2013; Hefner 2007, 2009; Hefner and Ousley 2014; Hefner and Linde 
2018; Hefner et al., 2015). In particular, Hefner (2009) provides a critique of Rhine’s 
(1990) work in which he argues that the trait list approach excludes a significant amount 
of variation within human populations by heavily relying on a typological-based 
approach. Furthermore, the successful employment of the typological trait lists in 
forensic casework primarily relies on the experience and education of the observer, 
thereby rendering them unscientific and problematic in light of the Daubert rulings, 
which calls for forensic scientists to standardize and systematically test the analytical 
methods used to draw conclusions (Christensen 2004; Christensen and Crowder 2009; 
Hefner 2009). The methods of analysis must prove reliable, and they must be upheld 
within the scientific community through peer review (U.S. Supreme Court 1993).  
Hefner (2009) describes the experience-based approach of predicting ancestry 
through trait lists as more of an art than a science. Consequently, he refines the standards 
for nonmetric trait analysis through the exploration of nonmetric cranial trait variation 
among groups. Specifically, Hefner (2009) analyzed 11 of Rhine’s (1990) nonmetric 
cranial traits within a large sample that included African (n= 220), Asian (n= 74), 
European (n= 185), and Native American (n= 268) groups. The traits subjected to 
analysis included: anterior nasal spine, inferior nasal aperture, interorbital breadth, malar 
tubercle, nasal aperture width, nasal bone contour, nasal overgrowth, postbregmatic 
5 
depression, supranasal suture, transverse palatine suture, and zygomaticomaxillary suture. 
To analyze these traits within a statistical framework, Hefner created an ordinal scoring 
system for the 11 traits, which are also supplemented with diagrammatic representations 
of each score for each trait. Hefner found that 10 out of the 11 traits demonstrated 
frequency distributions with significant differences among groups; however, the amount 
of variation within the traits surpassed previous assumptions. The typical nonmetric 
cranial traits believed to be indicative of ancestry were not found at the frequencies 
assumed in Rhine’s (1990) study. Thus, the extreme trait expression, or typological trait 
list approach of evaluating ancestry, proves to be invalid. However, Hefner’s (2009) 
study demonstrates that nonmetric cranial traits can be used to assess ancestry in a 
scientifically valid manner using a statistical approach.  
While Hefner (2009) documented significant nonmetric cranial trait variation 
within and between groups and demonstrated that the traits could theoretically be used in 
statistical frameworks (i.e., logistic regression, naïve Bayesian, and k-Nearest Neighbor) 
to distinguish individuals, a nonmetric methodology was not developed until Hefner and 
Ousley’s (2014) Optimized Summed Scored Attributes (OSSA) system. This heuristic 
method functions through the dichotomization of six ordinally scored nonmetric traits 
that are commonly used to assess ancestry in order to maximize the differences between 
two groups (American Black and American White). Based on frequency distributions of 
the six traits, scores of 1, 2, 3 and 4 are compressed into a score of 0 (associated more 
frequently with American Black individuals) or 1 (associated more frequently with 
American White individuals). Once the traits are transformed into their new 
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dichotomized score, the sum of all the traits is calculated, which produces OSSA scores 
that range from 0 to 6. A sectioning point is selected heuristically and is determined 
according to frequency distributions of each trait (Tallman and Go 2018). A sectioning 
point of 3 and below corresponds to American Black individuals, and a sectioning point 
of 4 and above corresponds to American White individuals (Hefner and Ousley 2014). 
According to Klales and Kenyhercz (2015), the application of the OSSA method used in 
conjunction with Hefner’s (2009) data collection procedures achieved 100% accuracy at 
estimating the ancestry of unknown individuals from a small sample of forensic cases 
with positive identifications. Thus, the forensic application of the OSSA method 
developed by Hefner and Ousley (2014) can be useful when assessing the ancestry of an 
unknown cranium; however, the method: (a) is only applicable to individuals of African 
American and European American ancestry; (b) treats the traits as independent variables 
by ignoring trait co-variation; (c) weighs all six traits equally; and (d) lacks probability 
statistics. 
The assumption that pre-contact Native Americans could serve as a biological 
reference for modern Asians remained untested until Tallman (2016) analyzed the 
nonmetric cranial trait expression frequencies in modern Japanese and Thai individuals. 
Specifically, Tallman (2016) scored 37 cranial and mandibular traits on a sample of 1,397 
modern Asian individuals from Thailand and Japan in order to establish cranial trait 
frequency distributions. Subsequently, the cranial trait frequencies for the modern Asian 
individuals were compared to published cranial trait frequency data from Rhine’s (1990) 
and Hefner’s (2009) Native American samples. Tallman’s (2016) results largely indicate 
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that modern Asian individuals differ from Native Americans in their nonmetric cranial 
trait expression, which he attributes to divergent population histories. As a result, 
Tallman (2016) concludes that Native Americans should not serve as biological 
representatives for modern Asian populations because they are not skeletally 
homogenous. However, it should be noted that Tallman (2016) did not include nonmetric 
cranial trait data for Native Americans into statistical analyses. Further, Tallman’s binary 
logistic regression equations differentiated Japanese and Thai individuals 60.0-90.0% of 
the time, indicating that significant craniomorphic variation exists within Asia.  
 
Terminology and the Issue of Race in Biological Anthropology  
Early, classic physical anthropology was traditionally riddled with controversial 
approaches to the study of human race and the categorization of individuals based on 
phenotypic characteristics (e.g., Coon 1962; Morton 1839). However, today, biological 
anthropologists generally discredit the biological basis of race and the idea that it 
functions as an accurate representation of human biological diversity (Brace 1995; Sauer 
1992). While most have renounced its applicability, and recognize its harmful nature, 
race—or more appropriately, ancestry—continues to be a defining focus in forensic 
anthropological research and practice. Sauer (1992) addressed this issue by presenting the 
discipline with a rhetorical question—“if races don’t exist, why are forensic 
anthropologists so good at identifying them?” Forensic anthropologists are ultimately 
tasked with the analysis of skeletal material in order to narrow the possible decedent 
matches. The estimation of ancestry can be an important step in the development of the 
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biological profile, particularly in heterogeneous forensic contexts, although it is one of 
the most difficult to ascertain since all populations across the world are affected by gene 
flow and other microevolutionary forces. Namely, human variation occurs on a 
continuous scale, and the classification of race essentially imposes arbitrary boundaries 
between populations (Duray et al., 1999). In addition, the estimation of ancestry is also 
problematic due to its association with racism, since early researchers often used the 
concept of race and typological trait lists to advance racist ideologies (e.g., Coon 1962; 
Morton 1839). 
Today, the majority of biological anthropologists agree that the classification of 
race is futile with regard to evolutionary, population-based research, and that race has no 
biological foundation (American Association of Physical Anthropologists 2019). Rather, 
race is a complex sociocultural construct that is rooted in the expression of phenotypic 
traits (Brace 1995; Duray et al., 1999; Sauer 1992). While much of biological 
anthropology is primarily concerned with populational processes where racial 
classification is useless, forensic anthropology is, instead, concerned with the individual 
and how they may have classified/identified in life. Since society as a whole generally 
recognizes the concept of race, forensic anthropologists are routinely required to work 
within the parameters of the public even though many recognize its invalidity. However, 
in an important effort to prevent the propagation of the typological race concept, 
biological and forensic anthropologists have rightfully begun to incorporate evolutionary 
theory, diverse statistical analyses, and population histories into craniofacial 
morphological studies in order to estimate ancestral affiliation rather than constructing 
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overly simplistic racial classifications (Edgar 2005, 2013, 2015; Hefner 2009; Tallman 
2016).  
Furthermore, the terminology used to group populations across the world has 
evolved throughout the history of biological anthropology. Early physical anthropologists 
in the 19th and 20th centuries commonly employed terms such as Mongoloid, Negroid, 
and Caucasoid to describe biological and cultural human variation found among 
worldwide populations (Coon et al., 1950). This racist terminology remained 
commonplace well into the 1990s in forensic anthropology (Bass 1995; Gill 1998; Rhine 
1990). Each of these terms were associated with an expected physical form of the body – 
especially with regard to the craniofacial region. Specifically, Mongoloid was a term used 
to represent Native Americans, Asians, and Pacific Islanders, while Negroid was 
commonly used to represent Africans, Melanesians, and those from isolated areas in 
southern Asia (Coon et al., 1950). Lastly, Caucasoid was used to represent Europeans 
and those with lightly pigmented skin across North America and western Asia (Coon et 
al., 1950). These antiquated terms are no longer employed in modern anthropology 
because of their problematic nature as they are racist, typological terms that ignore 
human variation, genetic relationships, and geographic origins. However, the three-group 
ancestral categorization has remained prominent in forensic anthropology.   
More recently, biological anthropologists have replaced these controversial terms 
with words that refer to skin color and geographic origin (i.e., African, Asian, Black, 
White.). However, skin color terms are inherently problematic as well, and there has been 
a recent push within anthropology to employ biogeographic and biocultural ancestral 
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terms (i.e., African American, Asian, European American, Hispanic, and Native 
American) to reference worldwide populations (e.g., Edgar 2005; Hefner 2005; Spradley 
et al., 2008). Biogeographic terminology is more scientifically accurate than skin color 
terms due to the fact that it takes into account biomechanical, genetic, microevolutionary, 
and adaptive forces that ultimately give rise to unique population histories and 
differences in skeletal morphology among and between population groups. Additionally, 
biogeographic terminology is far more inclusive than skin color terminology, which 
solely overemphasizes the differences between “Black” and “White” groups while 
excluding all other ancestries where simplistic skin color cannot be attributed. Thus, the 
present study employs – and strongly advocates for – biogeographic terminology over 
skin color in reference to ancestry and geographic population groups.  
The current study assesses the variation in cranial and mandibular morphology for 
35 traits between pre-contact Southwest Native Americans and modern East Asian 
(Japanese) and Southeast Asian (Thai) individuals. It is hypothesized that the groups will 
exhibit significant differences in their cranial and mandibular trait expressions, such that 
they can be employed within a statistical framework to differentiate between the Asian 







CHAPTER 3: MATERIALS AND METHODS 
Skeletal Samples 
The Native American sample consists of 150 pre-contact individuals curated at 
the American Museum of Natural History (AMNH) in New York City. The osteological 
collection housed at the AMNH primarily consists of over 12,000 individuals recovered 
from archaeological sites across 50 countries. The 150 individuals used in the present 
study were recovered within the American Southwest from various archaeological sites in 
New Mexico, Colorado, Utah, and Arizona (Four Corners Region). As such, this sample 
represents Ancestral Puebloans and were included due to the shared arid environments 
and overall decent skeletal preservation.   
The Asian sample used in this study originated from data collected by Tallman 
(2016), and is comprised of modern Japanese and Thai individuals. The Japanese sample 
is comprised of 150 individuals from a skeletal collection located in Tokyo, at Jikei 
University’s (JU) School of Medicine, which consists of approximately 300 complete and 
known individuals in addition to approximately 800 known skulls. All of the individuals 
in this collection either donated their bodies to the university (from the 1960s-1990s) or 
were dissection cadavers. The Thai sample consists of 150 individuals from a skeletal 
collection housed at Khon Kaen University’s (KKU) Faculty of Medicine, which consists 
of over 700 known individuals from the Issan region. This collection is comprised of 
adults of middle-to-elderly-age that were obtained by the school’s body donation 




In order to explore trait variation among Native American and Asian individuals, 
35 nonmetric cranial and mandibular traits were collected from the 450 individuals 
(Table 3.1). The traits were scored following Hefner (2009, 2012), Rhine (1990), Parr 
(2005, 2006) and Berg (2008). The sixteen nonmetric cranial traits initially developed by 
Rhine (1990) and later adapted by Hefner (2009, 2012) were analyzed, and include: 
anterior nasal spine (ANS), inferior nasal aperture (INA), interorbital breadth (IOB), 
malar tubercle form (MTF), nasal aperture shape (NAS), nasal aperture width (NAW), 
nasal bone contour (NBC), nasal bone shape (NBS), nasal overgrowth (NO), nasofrontal 
suture (NFS), orbital shape (OS), postbregmatic depression (PBD), posterior zygomatic 
tubercle (PZT), supranasal suture (SN), zygomaticomaxillary suture (ZMS), and 
transverse palatine suture (TPS). Six of Rhine’s (1990) nonmetric cranial traits were 
ordinally scored, which include: dental arcade shape (DAS), prognathism (PRG), 
zygomatic projection (ZP), keeling (KLN), suture form (SF), and the presence of 
wormian bones (WB). Lastly, the mandibular traits were scored following Parr (2005, 
2006) and Berg (2008), and include: chin shape (CS), mandibular border shape (MBS), 
ascending ramus shape (ARS), ascending ramus profile (ARP), gonial angle eversion 
(GE), posterior ramus inversion (PRI), location of inversion (LPRI), presence of 
mandibular tori (MT), gonial muscle attachment ridging (GMR), mylohyoid bridging 
(MB), presence of accessory mandibular foramen (AMF), degree of chin prominence 
(CP), and number of mental foramen (MF). All traits were scored unless data collection 
was affected by broken or missing elements. Lastly, 10% of the Native  
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TABLE 3.1—Nonmetric cranial and mandibular traits, associated ordinal scoring 
systems, and references used in the present study.  
Trait Ordinal Scoring System References 
ANS 1=slight; 2=intermediate; 3=marked 5,6,43 
INA 1=smooth transition; 2=sloping more anteriorly, angular transition; 3=right angle, no 
sloping or sill; 4=weak vertical ridge; 5=pronounced ridge 
5,6,43 
IOB 1=narrow; 2=medium; 3=broad 5,6,43 
MTF 0= no projection; 1=trace tubercle; 2=medium protrusion; 3=pronounced 5,6,43 
NAW 1=narrow; 2=medium; 3=broad 5,6,43 
NBC 0=low, rounded, Quonset-hut; 1=oval, elongated, rounded lateral walls; 2=steep 
walls, broad superior surface, plateau; 3=steep walls, narrow superior surface; 
4=triangular cross section, no plateau 
2,5,6,43 
NO 0=absent; 1=present 5,6,43 
NBS 1=no nasal pinching; 2=superior pinch, minimal lateral bulging; 3=superior pinch 
and pronounced lateral bulging; 4=triangular-shaped 
6,43 
NAS 1=teardrop, lateral projection intermediate; 2=bell shape, greatest lateral project at 
inferior margin; 3=bowed, greatest projection at midline 
6,43 
NFS 1=rounded; 2=square; 3=triangular; 4=irregular 6,43 
SN 0=completely obliterated; 1=open (unfused); 2=closed, but visible 5 
OS 1=rounded; 2=rectangular; 3=rhombic 6,43 
PBD 0=absent; 1=present 5,6,43 
PZT 0=no projection; 1=weak; 2=moderate; 3=marked 6,43 
ZMS 0=no angles, greater lateral projection at inferior margin of malar; 1=one angle, 
projection near midline; 2=2 or more angles/jagged 
5,6 
TPS 1=straight; 2=anterior bulging; 3=m-shaped; 3=posterior bulging 5,6,43 
DAS 1=narrow and tapering (parabolic); 2=wider and smoothly curving (elliptic); 3=near 
rectangular (hyperbolic) 
6 
PRG 0=absent; 1=moderate; 2=marked 6 
ZP 1=retreating; 2=vertical; 3=significant projection 6 
KLN 0=absent; 1=slight; 2=marked 6 
SF 1=simple; 2=moderate; 3=complex 6 
WB 0=absent; 1=present 6 
14 
 
American sample (n=15) were re-scored by the first author in order to account for 
intraobserver error.  
To account for sexual dimorphism, the sex of the Native American individuals 
was estimated following Walker (2008) and Klales et al. (2012) prior to nonmetric trait 
observation. If application of the two methods resulted in conflicting sex estimations, the 
pelvic analysis result (2012) was prioritized. Sex estimation was necessary for these 
individuals since they were recovered from archaeological sites. Conversely, sex 
estimation was not necessary for the Asian sample because the remains originated from 
known individuals.  
 
Statistical Methods 
The variation in nonmetric cranial trait expression between the three groups was 
evaluated through nonparametric statistical analyses. All statistical analyses were 
conducted in IBM SPSS (International Business Machines Statistical Package for Social 
PRI 1=slight; 2=moderate; 3=extreme 6,44,45 
LPRI 1=lower 1/3rd; 2=middle 1/3rd; 3=upper 1/3rd  44,45 
GE 0=absent; 1=slight; 2=moderate; 3=significant flare 6,44,45,46 
MBF 1=straight; 2=undulating (concave curvature); 3=rocker (convex curvature) 6,44,45,46  
MT 0=absent; 1=slight; 2=marked; 3=extreme 6,44,45 
GMR 0=flat, smooth; 1=slight; 2=moderate; 3=extreme robusticity 44,45 
MB 0=absent; 1=present 44,45 
AMF 0=absent; 1=present 44,45 
CP 0=retreats; 1=blunt/vertical; 2=prominent 6,44,45 
CS 1=round; 2=square; 3=pointed 6,44,45,46 
MF 0=absent; 1=one; 2=two; 3=three 44,45 
ARS 1=pinched; 2=wide 6,46 
ARP 1=straight; 2=medium; 3=slanted 6,46 
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Sciences, version 24.0). Specifically, chi-square analyses and binary logistic regression 
equations were employed to analyze the data. Chi-square analyses were utilized to reveal 
the differences in each trait expression between the groups. Furthermore, the binary 
logistic regression analyses were used to discriminate between pre-contact Native 
Americans vs. Japanese individuals, pre-contact Native Americans vs. Thai individuals, 
and Japanese vs. Thai individuals.  
 First, Pearson chi-square analyses were conducted in order to determine if there 
are statistically significant differences between the groups with regard to their trait 
expression. Pearson chi-square tests are ultimately used to determine whether there is a 
statistically significant difference between the expected frequencies versus the observed 
frequencies within specific categories as a result of chance. Thus, Pearson chi-square 
analyses are tests of independence that determine if there is a significant association 
between categorical variables (Field 2009). The null hypothesis states that there is no 
difference or association between trait scores and group membership. Therefore, if the 
significance value (p-value) is smaller than 0.05, then the null hypothesis is rejected, and 
group membership affects trait expression. 
 After establishing which traits significantly differ between population groups, 
binary logistic regression equations were created using those traits for the Native 
American, Japanese, and Thai samples. In the present study, binary logistic regression 
was used to predict the probability that an individual will be classified into a particular 
population group (Native American vs. Japanese; Native American vs. Thai; Japanese vs. 
Thai) based on their ordinal nonmetric trait scores. Various binary logistic regression 
16 
equations were developed for each group using the backward Wald function in SPSS. 
The logistic regression equation cutoff point to determine the individual’s group 
membership was 0.50, where scores below 0.50 indicate Native American ancestry, and 
scores above 0.50 indicate either Japanese or Thai when comparing the Asian samples to 
the Native American sample. When determining Japanese versus Thai ancestry, scores 
below 0.50 indicate Thai while scores above 0.50 indicate Japanese.  
Binary logistic regression equations were used instead of other discriminant 
functions (e.g., linear, quadratic, k-nearest neighbor) for several reasons. Namely, binary 
logistic regression equations are specifically meant for variables that are dichotomous, 
independent and dependent variables do not need to have a linear relationship, and equal 
variance (homoscedasticity) is not assumed (Hosmer and Lemeshow 1989; Walker 
2008). Furthermore, they produce predicted values that can be used to determine 
probabilities of group membership (Walker 2008), which is of utmost importance within 
the forensic realm in light of the Daubert ruling.  
Cross-validation using a holdout sample was subsequently performed in order to 
determine the applicability and accuracy of the logistic regression models that were 
developed. A test sample (20%), comprised of 30 Japanese (JU) and 30 Thai individuals 
(KKU), from Tallman (2016) was used to test the models. In addition, 30 Southwest 
Native American individuals from the Macromorphoscopic Databank (Hefner 2018) were 
included in the test sample.  
Lastly, intraobserver error rates were calculated using 10% (n=15) of the Native 
American sample (see Tallman (2016) for intraobserver error rates on the Asian sample). 
17 
The first author scored the individuals on two separate occasions, which were separated 
by a period of two weeks. Intraobserver variability was assessed using Cohen’s kappa 
statistic, which determines the amount of agreement between two observations while also 
taking into consideration the degree of agreement that could occur due to chance (Cohen 
1960). A kappa value (k) of 1 is expected when the observations are in perfect agreement. 
The degree of agreement based on the kappa value is determined following Landis and 
Koch (1977), where: < 0 (poor agreement); 0.0 - 0.20 (slight agreement); 0.21 – 0.40 (fair 
agreement); 0.41-0.60 (moderate agreement); 0.61 – 0.80 (substantial agreement); and 
















CHAPTER 4: RESULTS 
Frequency Distributions and Chi-Square Analyses  
 The number of individuals with each cranial trait within each group and the 
percentages are presented in Table 4.1. Chi-square significance values are presented in 
Table 4.2. Significant differences between the groups with regard to trait expression were 
noted at the p < 0.05 level or lower. Of the 35 traits analyzed, 31 traits (88.6%) differed 
significantly when sex was pooled. When males and females were separated, 28 traits 
(80.0%) differed significantly within the male sample, while 25 (71.4%) traits differed 
significantly within the female sample. In total, 22 traits (62.9%) differed significantly 
among the groups for both sexes, and these were used to develop logistic regression 
models. The majority of traits have chi-square significance values that fall below 0.05; 
therefore, the null hypothesis is rejected, and the population groups are not skeletally 
homogenous.  
  
TABLE 4.1—Cranial trait score frequencies (%) for the Japanese, Native American, 








0 1 2 3 4 5 
ANS JF 74 -- 42 (56.8) 22 (29.7) 10 (13.5) -- -- 
 JM 76 -- 26 (34.2) 34 (44.7) 16 (21.1) -- -- 
 NAF 74 -- 31 (41.9) 38 (51.3) 5 (6.8) -- -- 
 NAM 75 -- 17 (22.7) 40 (53.3) 18 (24.0) -- -- 
 TF 73 -- 28 (38.4) 36 (49.3) 9 (12.3) -- -- 
 TM 68 -- 15 (22.1) 38 (55.9) 15 (22.1) -- -- 
INA JF 74 --   3 (4.0) 14 (18.9) 40 (54.1) 11 (14.9) 6 (8.1) 
 JM 76 -- 1 (1.3) 10 (13.2) 41 (53.9) 12 (15.8) 12 (15.8) 
 NAF 71 -- 15 (21.1) 25 (35.2) 21 (29.6) 7 (9.8) 3 (4.2) 
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 NAM 69 -- 23 (33.3) 20 (29.0) 17 (24.6) 5 (7.2) 4 (5.8) 
 TF 73 -- 6 (8.2) 22 (30.1) 35 (47.9) 4 (5.5) 6 (8.2) 
 TM 68 -- 9 (13.2) 20 (29.4) 28 (41.2) 5 (7.4) 6 (8.8) 
IOB JF 72 -- 12 (16.7) 53 (73.6) 7 (9.7) -- -- 
 JM 76 -- 12 (15.8) 49 (64.5) 15 (19.7) -- -- 
 NAF 75 -- 1 (1.3) 66 (88.0) 8 (10.7) -- -- 
 NAM 75 -- 2 (2.7) 68 (90.7) 5 (6.7) -- -- 
 TF 73 -- 13 (17.8) 49 (67.1) 11 (15.1) -- -- 
 TM 68 -- 5 (7.4) 46 (67.6) 17 (25.0) -- -- 
MTF JF 73 10 (13.7) 34 (46.6) 25 (34.2) 3 (4.1) 1 (1.4) -- 
 JM 76 11 (14.5) 40 (52.6) 17 (22.4) 5 (6.6) 3 (3.9) -- 
 NAF 75 11 (14.7) 44 (58.7) 14 (18.7) 5 (6.7) 1 (1.3) -- 
 NAM 75 11 (14.7) 31 (41.3) 22 (29.3) 11 (14.7) 0 (0.0) -- 
 TF 73 7 (9.6) 27 (37.0) 35 (47.9) 4 (5.5) 0 (0.0) -- 
 TM 69 0 (0.0) 25 (36.2) 30 (43.5) 14 (20.3) 0 (0.0) -- 
NS JF 73 -- 29 (39.7) 28 (38.4) 5 (6.8) 11 (15.1) -- 
 JM 76 -- 40 (52.6) 32 (42.1) 2 (2.6) 2 (2.6) -- 
 NAF 75 -- 32 (42.7) 39 (52.0) 0 (0.0) 4 (5.3) -- 
 NAM 72 -- 42 (58.3) 30 (41.7)  0 (0.0) 3 (4.2) -- 
 TF 73 -- 27 (37.0) 35 (47.9) 2 (2.7) 9 (12.3) -- 
 TM 69 -- 42 (60.9) 22 (31.9) 1 (1.4) 4 (5.8) -- 
NAS JF 74 -- 31 (41.9) 36 (48.6) 7 (9.5) -- -- 
 JM 76 -- 40 (52.6) 27 (35.5) 9 (11.8) -- -- 
 NAF 75 -- 0 (0.0) 69 (92.0) 6 (8.0) -- -- 
 NAM 75 -- 1 (1.3) 69 (92.0) 5 (6.7) -- -- 
 TF 73 -- 17 (23.3) 35 (47.9) 21 (28.8) -- -- 
 TM 68 -- 25 (36.8) 25 (36.8) 18 (26.5) -- -- 
NBS JF 73 -- 40 (54.8) 30 (41.1) 3 (4.1) 0 (0.0) -- 
 JM 76 -- 44 (57.9) 27 (35.5) 5 (6.6) 0 (0.0) -- 
 NAF 75 -- 44 (58.7) 12 (16.0) 18 (24.0) 1 (1.3) -- 
 NAM 74 -- 29 (39.2) 18 (24.3) 27 (36.5) 0 (0.0) -- 
 TF 71 -- 39 (54.9) 25 (35.2) 7 (9.9) 0 (0.0) -- 
 TM 68 -- 38 (55.9) 20 (29.4) 8 (11.8) 2 (2.9) -- 
NAW JF 73 -- 9 (12.3) 45 (61.6) 19 (26.0) -- -- 
 JM 76 -- 6 (7.9) 55 (72.4) 15 (19.7) -- -- 
 NAF 75 -- 2 (2.7) 70 (93.3) 3 (4.0) -- -- 
 NAM 75 -- 1 (1.3) 70 (93.3) 4 (5.3) -- -- 
 TF 72 -- 2 (2.8) 39 (54.2) 31 (43.0) -- -- 
 TM 68 -- 0 (0.0) 39 (57.4) 29 (42.6) -- -- 
NBC JF 73 41 (56.2) 18 (24.7) 1 (1.4) 2 (2.7) 5 (6.8) 6 (8.2) 
 JM 76 30 (39.5) 34 (44.7) 1 (1.3) 4 (5.3) 7 (9.2) 0 (0.0) 
 NAF 75 22 (29.3) 37 (49.3) 10 (13.3) 1 (1.3) 4 (5.3) 1 (1.3) 
 NAM 75 13 (17.3) 39 (52.0) 15 (20.0) 6 (8.0) 1 (1.3) 1 (1.3) 
 TF 73 49 (67.1) 6 (8.2) 0 (0.0) 0 (0.0) 10 (13.7) 8 (11.0) 
 TM 68 45 (66.2) 13 (19.1) 2 (2.9) 0 (0.0) 5 (7.4) 3 (4.4) 
NO JF 73 58 (79.5) 15 (20.5) -- -- -- -- 
 JM 74 50 (67.6) 24 (32.4) -- -- -- -- 
 NAF 68 27 (39.7) 41 (60.3) -- -- -- -- 
 NAM 68 28 (41.2) 40 (58.8) -- -- -- -- 
 TF 69 59 (85.5) 10 (14.5) -- -- -- -- 
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 TM 66 55 (83.3) 11 (16.7) -- -- -- -- 
PBD JF 66 53 (80.3) 13 (19.7) -- -- -- -- 
 JM 73 59 (80.8) 14 (19.2) -- -- -- -- 
 NAF 75 75 (100.0) 0 (0.0) -- -- -- -- 
 NAM 75 75 (100.0) 0 (0.0) -- -- -- -- 
 TF 72 67 (93.1) 5 (6.9) -- -- -- -- 
 TM 68 60 (88.2) 8 (11.8) -- -- -- -- 
SN JF 74 43 (58.1) 18 (24.3) 13 (17.6) -- -- -- 
 JM 76 27 (35.5) 12 (15.8) 37 (48.7) -- -- -- 
 NAF 75 67 (89.3) 0 (0.0) 8 (10.7) -- -- -- 
 NAM 75 55 (73.3) 1 (1.3) 19 (25.3) -- -- -- 
 TF 73 67 (91.8) 1 (1.4) 5 (6.8) -- -- -- 
 TM 69 22 (31.9) 1 (1.4) 46 (66.7) -- -- -- 
TPS JF 72 -- 31 (43.1) 17 (23.6) 15 (20.8) 9 (12.5) -- 
 JM 74 -- 30 (40.5) 23 (31.1) 14 (18.9) 7 (9.5) -- 
 NAF 58 -- 36 (62.1) 20 (34.5) 2 (3.4) 0 (0.0) -- 
 NAM 63 -- 42 (66.7) 15 (23.8) 4 (6.3) 2 (3.2) -- 
 TF 67 -- 20 (29.9) 34 (50.7) 9 (13.4) 4 (6.0) -- 
 TM 55 -- 10 (18.2) 29 (52.7) 12 (21.8) 4 (7.3) -- 
ZMS JF 73 64 (87.7) 7 (9.6) 2 (2.7) -- -- -- 
 JM 72 56 (77.8) 16 (22.2) 0 (0.0) -- -- -- 
 NAF 75 54 (72.0) 20 (26.7) 1 (1.3) -- -- -- 
 NAM 75 43 (57.3) 26 (34.7) 6 (8.0) -- -- -- 
 TF 73 53 (72.6) 19 (26.0) 1 (1.4) -- -- -- 
 TM 66 33 (50.0) 33 (50.0) 0 (0.0) -- -- -- 
KLN JF 66 50 (75.8) 15 (22.7) 1 (1.5) -- -- -- 
 JM 73 39 (53.4) 27 (37.0) 7 (9.6) -- -- -- 
 NAF 75 34 (45.3) 32 (42.7) 9 (12.0) -- -- -- 
 NAM 75 18 (24.0) 45 (60.0) 12 (16.0) -- -- -- 
 TF 72 62 (86.1) 10 (13.9) 0 (0.0) -- -- -- 
 TM 69 50 (72.5) 18 (26.1) 1 (1.4) -- -- -- 
SF JF 58 -- 9 (15.5) 38 (65.5) 11 (19.0) -- -- 
 JM 65 -- 13 (20.0) 37 (56.9) 15 (23.1) -- -- 
 NAF 75 -- 4 (5.3) 28 (37.3) 43 (57.3) -- -- 
 NAM 68 -- 5 (7.4) 17 (25.0) 46 (67.6) -- -- 
 TF 58 -- 7 (12.1) 36 (62.1) 15 (25.8) -- -- 
 TM 61 -- 8 (13.1) 38 (62.3) 15 (24.6) -- -- 
WB JF 58 28 (48.3) 30 (51.7) -- -- -- -- 
 JM 65 28 (43.1) 37 (55.9) -- -- -- -- 
 NAF 75 27 (36.0) 48 (64.0) -- -- -- -- 
 NAM 75 39 (52.0) 36 (48.0) -- -- -- -- 
 TF 57 16 (28.1) 41 (71.9) -- -- -- -- 
 TM 62 19 (30.6) 43 (69.4)  -- -- -- -- 
OS JF 73 -- 38 (52.0) 31 (42.5) 4 (5.5) -- -- 
 JM 76 -- 20 (26.3) 48 (63.2) 8 (10.5) -- -- 
 NAF 75 -- 4 (5.3) 69 (92.0) 2 (2.7) -- -- 
 NAM 75 -- 9 (12.0) 66 (88.0) 0 (0.0) -- -- 
 TF 73 -- 39 (53.4) 29 (39.7) 5 (6.8) -- -- 
 TM 69 -- 30 (43.5) 36 (52.2) 3 (4.3) -- -- 
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ZP JF 74 -- 9 (12.2) 51 (68.9) 14 (18.9) -- -- 
 JM 76 -- 13 (17.1) 45 (59.2) 18 (23.7) -- -- 
 NAF 75 -- 7 (9.3) 8 (10.7) 60 (80.0) -- -- 
 NAM 75 -- 12 (16.0) 8 (10.7) 55 (73.3) -- -- 
 TF 72 -- 3 (4.2) 59 (81.9) 10 (13.9) -- -- 
 TM 68 -- 3 (4.4) 60 (88.2) 5 (7.4) -- -- 
PZT JF 74 10 (13.5) 19 (25.7) 37 (50.0) 8 (10.8) -- -- 
 JM 76 2 (2.6) 19 (25.0) 39 (51.3) 16 (21.1) -- -- 
 NAF 75 12 (16.0) 23 (30.7) 25 (33.3) 15 (20.0) -- -- 
 NAM 75 4 (5.3) 21 (28.0) 25 (33.3) 25 (33.3) -- -- 
 TF 73 12 (16.4) 19 (26.0) 37 (50.7) 5 (6.8) -- -- 
 TM 69 4 (5.8) 11 (15.9) 40 (58.0) 14 (20.3) -- -- 
PRG JF 74 32 (43.2) 38 (51.4) 4 (5.4) -- -- -- 
 JM 76 32 (42.1) 41 (53.9) 3 (3.9) -- -- -- 
 NAF 75 8 (10.7) 65 (86.7) 2 (2.7) -- -- -- 
 NAM 75 5 (6.7) 66 (88.0) 4 (5.3) -- -- -- 
 TF 73 52 (71.2) 21 (28.8) 0 (0.0) -- -- -- 
 TM 68 49 (72.1) 17 (25.0) 2 (2.0) -- -- -- 
DAS JF 73 -- 3 (4.1) 61 (83.6) 9 (12.3) -- -- 
 JM 76 -- 2 (2.6) 67 (88.2) 7 (9.2) -- -- 
 NAF 75 -- 1 (1.3) 74 (98.7) 0 (0.0) -- -- 
 NAM 75 -- 0 (0.0) 75 (100.0) 0 (0.0) -- -- 
 TF 73 -- 5 (6.8) 61 (83.6) 7 (9.6) -- -- 
 TM 68 -- 1 (1.5) 60 (88.2) 7 (10.3) -- -- 
PRI JF 69 54 (78.3) 14 (20.3) 1 (1.4) 0 (0.0) -- -- 
 JM 73 62 (84.9) 8 (11.0) 3 (4.1) 0 (0.0) -- -- 
 NAF 74 61 (82.4) 11 (14.9) 2 (2.7) 0 (0.0) -- -- 
 NAM 74 61 (82.4) 11 (14.9) 1 (1.4) 1 (1.4) -- -- 
 TF 69 33 (47.8) 21 (30.4) 12 (17.4) 3 (4.3) -- -- 
 TM 64 44 (68.8) 15 (23.4) 5 (7.8) 0 (0.0) -- -- 
LPRI JF 15 -- 5 (33.3) 9 (60.0) 1 (6.7) -- -- 
 JM 11 -- 3 (27.3) 7 (63.6) 1 (9.1) -- -- 
 NAF 13 -- 8 (61.5) 4 (30.8)  1 (7.7) -- -- 
 NAM 13 -- 5 (38) 7 (54) 1 (8.0) -- -- 
 TF 36 -- 3 (8.3) 33 (91.7) 0 (0.0) -- -- 
 TM 20 -- 2 (10.0) 17 (85.0) 1 (5.0) -- -- 
GE JF 69 48 (69.6) 17 (24.6) 3 (4.3) 1 (1.4) -- -- 
 JM 73 41 (56.2) 27 (37.0) 4 (5.5) 1 (1.4) -- -- 
 NAF 75 40 (53.3) 26 (34.7) 9 (12.0) 0 (0.0) -- -- 
 NAM 58 34 (58.6) 11 (19.0) 12 (20.7) 1 (1.7) -- -- 
 TF 69 50 (72.5) 17 (24.6) 2 (2.9) 0 (0.0) -- -- 
 TM 64 36 (56.3) 18 (28.1) 10 (15.6) 0 (0.0) -- -- 
MBS JF 69 -- 43 (62.3) 21 (30.4) 5 (7.2) -- -- 
 JM 73 -- 43 (58.9) 27 (37.0) 3 (4.1) -- -- 
 NAF 75 -- 71 (94.7) 4 (5.3) 0 (0.0) -- -- 
 NAM 74 -- 66 (89.2) 8 (10.8) 0 (0.0)  -- -- 
 TF 69 -- 47 (68.1) 11 (15.9) 11 (15.9) -- -- 
 TM 64 -- 44 (68.8) 17 (26.6) 3 (4.7) -- -- 
GMR JF 69 1 (1.4) 20 (29.0) 31 (44.9) 17 (24.6) -- -- 
 JM 72 2 (2.8) 8 (11.1) 33 (45.8) 29 (40.3) -- -- 
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 NAF 75 1 (1.3) 28 (37.3) 38 (50.7) 8 (10.7) -- -- 
 NAM 53 0 (0.0) 11 (20.8) 41 (77.3) 1 (1.9) -- -- 
 TF 69 1 (1.4) 7 (10.1) 37 (53.6) 24 (34.8) -- -- 
 TM 64 0 (0.0) 4 (6.3) 12 (18.7) 48 (75.0) -- -- 
MB JF 70 68 (97.1) 2 (2.9) -- -- -- -- 
 JM 73 67 (91.8) 6 (8.2) -- -- -- -- 
 NAF 75 68 (90.7) 7 (9.3) -- -- -- -- 
 NAM 74 62 (83.8) 12 (16.2) -- -- -- -- 
 TF 69 67 (97.1) 2 (2.9) -- -- -- -- 
 TM 64 59 (92.2) 5 (7.8) -- -- -- -- 
AMF JF 69 64 (92.8) 5 (7.2) -- -- -- -- 
 JM 73 70 (95.9) 3 (4.1) -- -- -- -- 
 NAF 74 67 (90.5) 7 (9.5) -- -- -- -- 
 NAM 74 71 (95.9) 3 (4.1) -- -- -- -- 
 TF 68 61 (89.7) 7 (10.3) -- -- -- -- 
 TM 63 47 (74.6) 16 (25.4) -- -- -- -- 
CP JF 55 1 (1.8) 50 (90.0) 3 (5.5) 1 (1.8) -- -- 
 JM 73 0 (00) 50 (68.5) 23 (31.5) 0 (0.0) -- -- 
 NAF 75 0 (0.0) 73 (97.3) 2 (2.7) 0 (0.0) -- -- 
 NAM 74 0 (0.0) 73 (98.6) 1 (1.4) 0 (0.0) -- -- 
 TF 69 0 (0.0) 56 (81.2) 13 (18.8) 0 (0.0) -- -- 
 TM 63 0 (0.0) 50 (79.4) 13 (20.6) 0 (0.0) -- -- 
CS JF 69 -- 43 (62.3) 10 (14.5) 16 (23.2) -- -- 
 JM 73 -- 31 (42.5) 8 (10.9) 34 (46.6) -- -- 
 NAF 75 -- 64 (85.3) 1 (1.3) 10 (13.3) -- -- 
 NAM 74 -- 51 (68.9) 0 (0.0) 23 (31.1) -- -- 
 TF 69 -- 42 (60.9) 17 (24.6) 10 (14.5) -- -- 
 TM 63 -- 27 (42.8) 3 (4.8) 33 (52.4) -- -- 
MF JF 68 -- 62 (91.2) 5 (7.3) 1 (1.5) -- -- 
 JM 73 -- 57 (78.1) 12 (16.4) 4 (5.5) -- -- 
 NAF 75 -- 71 (94.7) 4 (5.3) 0 (0.0) -- -- 
 NAM 75 -- 74 (98.7) 1 (1.3) 0 (0.0) -- -- 
 TF 68 -- 66 (97.1) 2 (2.9) 0 (0.0) -- -- 
 TM 62 -- 58 (93.5) 4 (6.5) 0 (0.0) -- -- 
ARP JF 70 -- 28 (40.0) 31 (44.3) 11 (15.7) -- -- 
 JM 73 -- 32 (43.8) 33 (45.2) 8 (11.0) -- -- 
 NAF 75 -- 64 (85.3) 11 (14.7) 0 (0.0) -- -- 
 NAM 74 -- 70 (94.6) 4 (5.4) 0 (0.0) -- -- 
 TF 69 -- 27 (39.1) 37 (53.6) 5 (7.2) -- -- 
 TM 64 -- 38 (59.4) 25 (39.1) 1 (1.6) -- -- 
ARS JF 70 -- 11 (15.7) 59 (84.3) -- -- -- 
 JM 72 -- 16 (22.2) 56 (77.8) -- -- -- 
 NAF 75 -- 4 (5.3) 71 (94.7) -- -- -- 
 NAM 73 -- 7 (10.0) 66 (90.0) -- -- -- 
 TF 69 -- 9 (13.0) 60 (87.0) -- -- -- 
 TM 64 -- 17 (26.6) 47 (73.4) -- -- -- 
MT JF 71 48 (67.6) 19 (26.8) 3 (4.2) 1 (1.4) -- -- 
 JM 72 53 (73.6) 17 (23.6) 2 (2.8) 0 (0.0) -- -- 
 NAF 75 75 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) -- -- 
 NAM 76 64 (84.2) 11 (14.5) 0 (0.0) 1 (1.3) -- -- 
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 TF 68 44 (64.7) 19 (27.9) 4 (5.9) 1 (1.5) -- -- 
 TM 63 35 (55.6) 22 (34.9) 5 (7.9) 1 (1.6) -- -- 
*JF = Japanese female; JM = Japanese male; NAF = Native American female; NAM = Native 























TABLE 4.2—Pearson Chi-square values for the 
nonmetric traits between all groups. 
Trait Males Females 
ANS 3.758 9.696* 
INA  44.456* 23.592* 
IOB 19.432* 13.847* 
MTF 28.468* 15.446 
NAW 37.409* 40.189* 
NBC 64.648* 60.929* 
NO 26.471* 39.484* 
NBS 29.873* 22.546* 
NAS 72.472* 58.317* 
NFS 4.945 10.855 
SN 46.039* 42.565* 
OS 28.935* 53.797* 
PBD 15.144* 17.924* 
PZT 11.558 9.244 
ZMS 23.285* 8.623 
TPS 34.081* 29.512* 
DAS 10.018* 12.637* 
PRG 64.725* 59.411* 
ZP 96.586* 95.669* 
KLN 15.908* 37.252* 
SF 36.947* 25.235* 
WB 6.341* 5.114 
PRI 9.956 34.062* 
LPRI 4.319 19.266* 
GE 10.892 11.560 
MBS 18.462* 31.350* 
MT 19.582* 33.056* 
GMR 67.837* 20.435* 
MB 3.322 4.164 
AMF 21.364* 0.417 
CP 23.587* 17.869* 
CS 18.802* 21.328* 
MF 20.092* 3.502 
ARS 7.023* 4.261 
ARP 49.603* 46.623* 
*significant at the 0.05 level 
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The pre-contact Native American sample exhibits trait expressions that exceeded 
what was previously assumed for Native American individuals according to the 
typological trait list developed by Rhine (1990), and instead, more closely align with a 
continuous variation of expression, similar to what was found in Hefner’s (2009) study. 
As such, the frequency distributions ultimately indicate that trait lists outlining “typical” 
traits seen in particular ancestral groups ignore a significant amount of variation within 
groups.  
   
Binary Logistic Regression Equations  
 Binary logistic regression formulae are presented in Tables 4.3-4.6. Binary 
logistic regression equations were created to determine which traits perform well when 
distinguishing between the population groups. Sex was initially included as a variable in 
each equation; however, it did not contribute statistically significantly to any of the 
equations that were developed. Therefore, males and females were pooled within their 
respective groups to develop the binary logistic regression equations.  
When all 22 statistically significant traits (Model 1, Table 4.3) were combined 
into the binary logistic regression equation for the Native American vs. Japanese samples, 
seven traits contributed significantly to the equation and correctly classified up to 88.1% 
of the sample. For the Native American vs. Thai equation, six traits contributed 
significantly to the equation and correctly classified up to 91.8% of the sample. For the 
Thai vs. Japanese equation, six traits contributed significantly to the equation and 






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Binary logistic regression equations were also developed using Hefner’s (2009) 
11 traits (Model 2, Table 4.4) for each group. When all 11 traits were combined into the 
binary logistic regression equation for the Native American vs. Japanese sample, seven 
traits contributed significantly to the equation and correctly classified up to 71.1% of the 
sample. For the Native American vs. Thai equation, nine traits contributed significantly 
to the equation and correctly classified up to 83.2% of the sample. For the Thai vs. 
Japanese equation, ten traits contributed significantly to the equation and correctly 
classified up to 72.8% of the sample.  
Binary logistic regression equations were also created using only the cranial traits 
(Model 3, Table 4.5) for each group. When all 21 traits were combined into the binary 
logistic regression equation for the Native American vs. Japanese sample, 16 traits 
contributed significantly to the equation and correctly classified up to 77.1% of the 
sample. For the Native American vs. Thai sample, 12 traits contributed significantly to 
the equation and correctly classified up to 96.9% of the sample. For the Thai vs. Japanese 
sample, six traits contributed significantly to the equation and correctly classified up to 
71.7% of the sample.  
 Lastly, binary logistic regression equations were developed using only the 
mandibular traits (Model 4, Table 4.6) for each group. When all 13 mandibular traits 
were combined into the binary logistic regression equation for the Native American vs. 
Japanese sample, nine traits contributed significantly to the equation and correctly 
classified up to 86.8% of the sample. For the Native American vs. Thai sample, ten traits 
contributed significantly to the equation and correctly classified up to 87.0% of the 
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sample. For the Thai vs. Japanese sample, seven traits contributed significantly to the 
equation and correctly classified up to 70.8% of the sample.  
 
Cross-Validation Tests 
 Table 4.7 provides the cross-validated accuracies for each equation (Models 1 – 
4) in the Japanese, Thai, and Native American individuals. For Model 1, cross-validated 
correct classifications range from 73.3 to 83.3%. For Model 2, cross-validated correct 
classifications range from 60.0 to 83.3%. For Model 3, cross-validated correct  
TABLE 4.7—Cross-validated classification accuracies (%) for 
Models 1-4 using the holdout samples.  
Group n Model 1 Model 2 Model 3 Model 4 
J* vs. NA 30 83.3 66.7 83.3 90.0 
J* vs. TH* 60 78.3 76.7 75.0 71.7 
TH* vs. NA 30 73.3 60.0 86.7 66.7 
NA* vs. J 30 -- 73.3 -- -- 
NA* vs. TH 30 -- 83.3 -- -- 
*test sample analyzed: J=Japanese; TH=Thai; NA=Native American 
 
classifications range from 75.0 to 86.7%. Lastly, the cross-validated classification 
accuracies for Model 4 range from 66.7 to 90.0%.     
 The Native American test sample could only be analyzed against Model 2 
(Hefner’s (2009) traits) because the Macromorphoscopic Databank (Hefner 2018) does 
not incorporate mandibular traits, which are included in Models 3 and 4. Additionally, 
Model 1 incorporates additional cranial traits that are not included within the 
Macromorphoscopic Databank (Hefner 2018) or Hefner’s (2009) traits.  
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Intraobserver Error Analysis  
 Intraobserver error rates for all of the traits were assessed on 10% of the 
Native American sample by the first author (n=15). Table 4.8 presents the k values for 
each trait, followed by the level of agreement standards developed by Landis and Koch 
(1977). All Cohen’s kappa values are statistically significant at the 0.05 level. Overall, 
the level of agreement ranges from fair to perfect agreement, with most traits falling 
within the moderate to substantial agreement categories. 
 
TABLE 4.8—Intraobserver error results and 
agreement levels following Landis and Koch (1977). 
Trait Cohen’s k Agreement 
ANS 0.440 Moderate 
INA  0.375 Fair 
IOB 0.820 Almost perfect 
MTF 0.534 Moderate 
NAW 0.614 Substantial 
NBC 0.625 Substantial 
NO 0.851 Almost perfect 
NBS 0.717 Substantial 
NAS 0.680 Substantial 
NFS 0.681 Substantial 
SN 0.769 Substantial 
OS 1.000 Perfect 
PBD 1.000 Perfect 
PZT 0.537 Moderate 
ZMS 1.000 Perfect 
TPS 0.580 Moderate 
DAS 0.896 Almost perfect 
PRG 0.605 Moderate 
ZP 0.445 Moderate 
KLN 0.667 Substantial 
SF 0.483 Moderate 
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WB 0.667 Substantial 
PRI 0.815 Almost perfect 
LPRI 1.000 Perfect 
GE 0.444 Moderate 
MBS 1.000 Perfect 
MT 0.762 Substantial 
GMR 0.583 Moderate 
MB 1.000 Perfect 
AMF 1.000 Perfect 
CP 0.634 Substantial 
CS 0.667 Substantial 
MF 1.000 Perfect 
ARS 0.444 Moderate 

















CHAPTER 5: DISCUSSION 
The results of this study ultimately indicate that pre-contact Native Americans 
and modern Japanese and Thai individuals are not skeletally homogenous, and that Asian 
and Asian-derived groups can further be differentiated beyond the simplistic “Asian” 
ancestral classification. While a majority of the nonmetric trait expressions were found 
within all groups, the Pearson chi-square analyses indicates that 31 of the 35 traits 
demonstrate statistically significant results when sex was pooled, which indicates that 
statistically significant population differences exist between the three groups. The 
skeletal morphology of these groups differs such that they can be distinguished, with a 
fair amount of certainty, using cranial and mandibular nonmetric traits within a statistical 
framework. These groups can ultimately be distinguished from each other as a result of 
their differing population histories.  
 
The Importance of Population Histories 
Variation in trait expression between geographic populations is ultimately 
expected as a result of unique population histories, which is frequently ignored in 
forensic anthropological research. The peopling of North America began at least 15,000 
years ago when the ancestors of Native Americans began to migrate to the continent from 
Asia (Brace et al., 2001; González-Jose et al., 2008). Although there is significant debate 
regarding the peopling of the New World, studies have shown that a majority of modern 
Native Americans relate to five mitochondrial DNA (mtDNA) haplogroups, and these 
haplogroups have also been shown to be present in maternal lineages across Asia (Goebel 
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et al., 2008; González-Jose et al., 2008; Schurr et al., 1990). Specifically, genetic and 
archaeological data suggest that the first human inhabitants of the New World originated 
from Northeast Asia (Brace et al., 2001), and there is general agreement among scholars 
that a minimum of two migration movements into the New World occurred (Brace et al., 
2001; Gonzálex-Jose et al., 2008). The land mass known as Beringia served as the major 
point of entry for the first migrants entering the Western Hemisphere after the North 
American glaciers melted during the Last Glacial Maximum (Goebel et al., 2008). Before 
the glaciers receded, which prevented movement into North America, populations 
developed cold-adaptations as a result of occupying Beringia and eastern Siberia for 
several generations (Hall et al., 2004). Changing climatic patterns resulted in the 
disappearance of Beringia below sea level as the glaciers began to melt during the Last 
Glacial Maximum around 12,000 years ago (Brace et al. 2001). Consequently, Asian-
derived populations inhabiting North, Central, and South America became isolated from 
parental Asian populations. 
The origin of modern Japanese populations is surrounded by considerable 
scholarly debate; however, the majority of anthropologists tend to agree with models that 
confirm the hybridization theory (Bannai et al., 2000; Brace et al., 1989; Dodo et al., 
1998, 2000; Hammer et al., 2006; Hanihara 1991; Horai et al., 1996). The hybridization 
theory supports the idea that modern Japanese populations are a result of admixture 
between indigenous (Jomon) populations of Japan and immigrants (Yayoi) from the 
mainland of Asia (Hanihara 1991). Hanihara (1991) presents a hybridized model of 
Japanese origins, which he terms the Dual Structure Model (DSM). This model argues 
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that modern Japanese populations are the result of admixture between the Jomon and the 
Yayoi. The prehistoric Jomon were hunter-gatherer-foragers who originally inhabited the 
Japanese archipelago beginning 20,000 to 13,000 years ago (Brace et al., 1989). 
According to Hanihara (1991), the Jomon descended from populations of Southeast 
Asians who migrated northward and subsequently occupied the entire Japanese 
archipelago. Furthermore, the Yayoi were agriculturalists who migrated from mainland 
Asia to Japan around 2,300 years ago and are believed to be descended from East and 
Northeast Asian populations (Hanihara 1991). Subsequent studies on Japanese prehistory 
argue that Hanihara’s (1991) DSM lacks the complexity to sufficiently explain the 
population variability of Japan (Hammer et al., 2006; Horai et al., 1996). Evidence 
derived from Y-chromosome, mtDNA, and craniofacial studies on the peopling of Japan 
largely support the idea that the DSM proposed by Hanihara (1991) is very simplistic 
(Bannai et al., 2000; Dodo et al., 1998, 2000; Hammer et al., 2006; Horai et al., 1996). 
Nonetheless, modern Japanese populations are represented through admixture or 
hybridization of populations, but the populations involved are still subject to considerable 
scholarly debate.  
Considerably less information is known regarding the peopling of Southeast Asia 
due to a limited amount of skeletal evidence available for analysis (Tayles and Oxenham 
2006). Despite the lack of bioarchaeological evidence, two main theories attempt to 
explain the prehistory of Southeast Asia: The Regional Continuity model and the Two-
Layer model. Both models assume that modern humans inhabited Southeast Asia by 
40,000 years ago. Furthermore, both models acknowledge an Australo-Melanesian 
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population that inhabited Southeast Asia by 26,000 years ago (Highman 2002). The Two-
Layer model proposes that Southeast Asia was initially inhabited by an Australo-
Melanesian population that later intermixed with East Asian immigrants who were 
associated with the dispersal of agricultural practices following the Neolithic (Matsumura 
and Hudson 2005). Advocates of the Two-Layer model acknowledge the contrasting 
morphology of Australo-Melanesians and modern Southeast Asians, suggesting that there 
is not a direct descending link between the two populations (Howells 1997). Rather, 
Howells (1997) indicates that the northern immigrants most likely came from China in 
the Yangzi Valley. In contrast to the Two-Layer hypothesis, the Regional Continuity 
model poses that Southeast Asian populations evolved in situ from Australo-Melansian 
populations of the Late Pleistocene and subsequently migrated northward (Matsumura 
and Hudson 2005). While there is significant debate over the peopling of Southeast Asia, 
evidence suggests that Southeast Asia was occupied as a result of an agricultural 
migration from the north during the Neolithic period (Tayles and Oxenham 2006).  
The peopling hypotheses demonstrate that although modern Asians and ancient 
Native Americans share a distant genetic history, they ultimately have divergent and 
unique population histories with thousands of years of separation. These unique 
population histories have resulted in morphological trait differences due to differing 
microevolutionary processes. Further, the population differences documented here are 
consistent with studies that explore sexual dimorphism and postcranial ancestry in 
modern Asian and pre-contact Native American groups. In particular, Tallman (2019) 
and Patterson and Tallman (2019) report that modern Asian groups, including Japanese, 
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Thai, and Filipino individuals, are less sexually dimorphic, morphologically and 
metrically, than pre-contact Native Americans. Similarly, Tallman and Winburn (2015) 
demonstrate that modern Thai femora are less platymeric than pre-contact Native 
Americans, further demonstrating differences between Asian and Asian-derived 
populations. 
 
Chi-Square Analyses and Population Differences 
 In the current study, Pearson chi-square analyses indicate that 22 traits differ 
significantly between both males and females for all groups. In general, with regard to the 
nasal region, the Japanese have narrower nasal apertures than Native Americans, while 
the Thai have wider nasal apertures than both of these groups. Native Americans and the 
Thai have more bell-shaped nasal apertures, while the Japanese have more teardrop-
shaped apertures. Furthermore, the Japanese have more inferior nasal apertures that are 
silled; the Thai have more nasal apertures that are rounded; and Native Americans have 
more nasal apertures that have flat transitions. Thai and Native American individuals also 
have low and rounded nasal bone contours, while the Japanese have more steep and 
narrow nasal bone contours. Japanese and Thai individuals tend to have nasal bones that 
have a superior pinch and minimal lateral bulging, while Native Americans tend to lack 
superior pinching. The Thai and Native American individuals also have more nasal 
overgrowth than Japanese individuals. Lastly, the Japanese and Thai have more 
supranasal sutures that remain open, while the Native American individuals more 
frequently display completely obliterated supranasal sutures.  
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 Regarding the cranial region, Japanese and Thai individuals tend to have more 
postbregmatic depressions than Native American individuals, while Native Americans 
tend to exhibit more prognathism than either the Japanese or the Thai. Native Americans 
also display more complex suture forms and more keeling when compared to Japanese 
and Thai individuals. Native Americans also tend to have more projecting zygomatics. 
Japanese and Thai individuals have rounded orbital shapes, while Native Americans have 
orbits that are slightly more rectangular. Lastly, the Japanese and Thai have transverse 
palatine sutures that demonstrate anterior bulging, while Native American transverse 
palatine sutures tend to be straight with no deviations.  
 Concerning the mandible, the Thai have more mandibular tori than the Japanese 
or Native Americans, and the Thai and Native Americans display mandibular borders that 
are generally straight, while the Japanese have more undulating mandibles. Furthermore, 
the Japanese and Native Americans have chins that are rounded as compared to the Thai, 
while both the Thai and Native Americans have more vertical chins as compared to the 
more prominent chins in the Japanese. Japanese and Thai individuals also have more 
moderate ascending ramus profiles, while Native American individuals have straight 
ascending ramus profiles. Lastly, Native Americans more frequently demonstrate 
increased gonial muscle attachment ridging, followed by the Thai, and lastly the 
Japanese.  
 It is important to note that the trait expression summaries provided above are only 
a list of the general trends observed in the groups studied. They should not be utilized as 
a typological trait list, especially since a majority of the trait expressions were observed 
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in all groups with considerable variation in most traits. Thus, nonmetric ancestry 
estimation should only be conducted within a statistical framework that includes multiple 
traits and accounts for variable relationships between the traits.  
Population differences in trait expression can result for a variety of reasons. For 
example, differing trait expressions found between the three groups can potentially reflect 
adaptations that occur in response to the environment, especially within the nasal region 
(Carey and Steegman 1981; Hubbe et al., 2009; Noback et al., 2011). Further, trait 
expression can reflect responses to biomechanical stresses, which is likely to occur within 
the mandible as the element responds to mechanical loading due to mastication. Variation 
in trait expression may also be a result of genetic inheritance, growth patterns, and year 
of birth, although specific etiologies for most traits are highly debated and ultimately 
unidentified. The results presented here, however, do indicate that nonmetric traits can be 
employed within a statistical framework to differentiate between Japanese, Thai, and 
Native American individuals beyond the broad “Asian” ancestral category.  
 
Binary Logistic Regression Equations 
 The binary logistic regression equations presented here include the combined 
cranial and mandibular traits (Model 1), Hefner’s (2009) traits (Model 2), cranial traits 
(Model 3), and mandibular traits (Model 4). The frequencies of correct classification of 
individuals to their respective groups tend to be lower for the cross-validated test sample 
as compared to the samples on which the binary logistic regression equations were 
developed (Edgar 2013). Overall, these models produced cross-validated correct 
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classification rates that range from 60.0 to 90.0%. Model 3 performed the best, resulting 
cross-validated correct classification rates of 75.0-86.7%, which may be a result of the 
fact that it was developed using more traits as compared to the other models. Hefner’s 
(2009) traits (Model 2) demonstrate lower cross-validated correct classification rates 
(60.0-83.3%) than the other models and therefore have slightly reduced discriminatory 
power. In all four models, the Japanese versus Thai equations consistently produced 
lower cross-validated correct classification rates (71.7-78.3%) and demonstrate reduced 
discriminatory power, which is not surprising, given the groups more closely related 
ancestral history and geographic proximity. Moreover, the models demonstrate the 
importance in using numerous traits that co-vary, and more traits beyond the six used in 
Hefner and Ousley’s (2014) OSSA method. As demonstrated here, important areas useful 
in ancestry estimation include the mid-facial region (particularly the nasal region), 
mandible, and neurocranium. Thus, it is important to develop models that incorporate 
various skull regions that can be selected by the analyst based on differential skeletal 
preservation.      
 Using a variety of statistical methods, Hefner (2009) achieved classification 
accuracies that ranged 84.0-93.0%, depending on the trait combinations and the statistical 
methods employed (logistic regression, naïve Bayesian, and k-Nearest Neighbor). 
Overall, Hefner (2009) produced classification accuracies that exceed the majority of the 
cross-validated classification accuracies achieved in the present study. The cross-
validated correct classification accuracies range from 60.0-90.0% across all models, 
where Model 1 averages 78.3%, Model 2 averages 72.0%, Model 3 averages 81.7%, and 
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Model 4 averages 76.1%. The higher classification accuracies reported by Hefner (2009) 
are likely due to the inclusion of samples that represent geographically and genetically 
distant populations, which largely reflect continental differences (i.e., Europe, Africa, 
Asia) rather than examining intra-continental and distantly related group differences in 
the present study. Furthermore, in a study analyzing the statistical classification of 
American Whites and Blacks into their respective ancestral group based on their cranial 
nonmetric trait expressions, Klales and Kenyhercz (2015) produced classification 
accuracies that ranges from 73.3 to 86.6% when sex was pooled. These classification 
accuracies are within the range of cross-validated classification accuracies produced in 
the present study. Hefner and Ousley (2014) employed an array of statistical methods for 
classifying individuals based on their nonmetric trait expression and produced total 
classification accuracies that range 66.4-87.8%, which are also very similar to the cross-
validated classification accuracies produced in the present study.   
 The ability to produce more fine-scaled ancestral classifications beyond the broad 
“Asian” category is further supported by a preliminary study that attempts to refine Asian 
ancestry classifications (Plemons et al., 2018). Using nonmetric trait data for seven traits 
and Canonical Analysis of the Principal Coordinates (CAP), Plemons et al. produced 
overall classification accuracies that range from 31.66 to 65.76% for mainland Asian 
(Chinese and Japanese), Hispanic, Amerindian, and “Eskimo” groups depending upon the 
level of refinement and groups included. While this study largely produced low 
classification accuracies, it ultimately supports the idea that Asian and Asian-derived 
populations can be further differentiated into finer ancestral classifications than what is 
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traditionally employed in forensic contexts (i.e., “Black”, “White”, and “Asian”) 
(Plemons et al., 2018).  
 Although the equations presented in the current study exhibit varying levels of 
discriminatory power, with some below that which is generally accepted within forensic 
contexts, they were created within a statistical framework with known error and success 
rates. Additionally, this study is the first to differentiate frequencies of nonmetric traits 
between groups representing East Asian, Southeast Asian, and North American 
populations using logistic regression analyses, which are discriminant functions routinely 
accepted in forensic anthropological research and casework. These discriminant function 
equations have the scientific rigor behind them that is ultimately necessary in a post-
Daubert era, and as such, they are another tool that can be employed in forensic casework 
specifically regarding the estimation of ancestry of a set of unknown skeletonized 
remains. The equations are particularly relevant in locations with large populations of 
Asian individuals. The continued refinement of population-specific biological profile 
methods such as these will ultimately enhance their utility in forensic settings.   
 
Intraobserver Error 
  The cranial and mandibular traits demonstrated intraobserver error rates that 
ranged from fair to perfect agreement, with most traits exhibiting moderate to substantial 
agreement. This ultimately indicates that the scoring systems used within the present 
study are sufficient at producing consistent scores from the same observer on two 
separate occasions. The inferior nasal aperture exhibited the lowest agreement rate (k = 
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0.375; fair). This can be attributed to the fact that the trait has a five-point ordinal scale 
following Hefner (2009), and the intermediate scores (i.e., 2-4) are separated by very 
subtle differences. Some of the traits which achieved almost-to-perfect agreement include 
nasal overgrowth, number of mental foramen, accessory mandibular foramen, and 
mylohyoid bridging. The scoring systems for these traits in particular were relatively 
simple and are predominately scored on their presence or absence.  
 The intraobserver error rates in Tallman’s (2016) study of Japanese and Thai 
nonmetric variability ranged from slight (location of gonial angle inversion) to almost 
perfect/perfect (transverse palatine suture, mylohyoid bridging) with most showing 
substantial (54%) or moderate (30%) agreement. Further, Hefner’s (2009) study typically 
exceeded the substantial level of agreement following Landis and Koch (1977), as a 
majority of the traits had Cohen’s kappa values that fell above 0.800. The higher level of 
intraobserver agreement achieved by Hefner (2009) as compared to the present study may 
be the result of more experience with the traits and their scoring systems.  
 Researchers have recently identified three patterns relating to intraobserver error 
in macromorphoscopic trait data (Kamnikar et al., 2018). In particular, an observer’s 
experience level, the development and refinement of new technologies (i.e., nasal contour 
gauge and the Macromorphoscopic Module in Osteoware) for assessing nonmetric 
variation, and errors that are intrinsic to the methodological design are all factors that 
influence intraobserver error rates. Nonetheless, seven of the 10  traits included in 
Kamnikar et al.’s (2018) study had intraobserver error rates that were negligible 
(moderate-to-good agreement), such that their utility in forensic casework was not 
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significantly affected. The results of their study ultimately underscore the importance of 
training prior to the collection of macromorphoscopic trait data, and incorporating new 





















CHAPTER 6: CONCLUSIONS 
The present study investigated the variation in cranial and mandibular 
morphology of modern Japanese and Thai individuals, and pre-contact Southwest Native 
Americans in order to determine if the nonmetric traits are resolute enough to detect 
differences between Asian and Asian-derived groups representing East Asia, Southeast 
Asia, and North America. The results demonstrate that modern Asian and pre-contact 
Native American individuals are not skeletally homogenous, and as such, pre-contact 
Native Americans do not serve as accurate biological representatives for modern Asian 
individuals, as has been traditionally been conceptualized in forensic anthropological 
casework. Population differences are ultimately apparent between these groups due to 
their unique population histories and structures. Thus, the traditional approach of 
grouping Native Americans and Asians into one broad ancestral category for ancestry 
estimation purposes within forensic contexts is scientifically invalid, especially in the 
current judicial climate.  
 Furthermore, the overall distribution and frequencies of trait expressions 
surpassed the arbitrary boundaries imposed by the typological trait list approach 
employed in earlier studies (e.g., Brues 1990; Burns 1999; Rhine 1990). The majority of 
trait expressions were found within all groups, which indicates that the typological trait 
list approach largely ignores within-group variation. The cross-validated logistic 
regression equations presented here resulted in correct classifications of 60.0-90.0% and 
can be applied to forensic and mass disaster contexts where it is important to distinguish 
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between East and Southeast Asians, or between East/Southeast Asian and Native 
American individuals.  
 Future research directions should be aimed at the continued refinement of 
ancestry estimation methods and the development of population-specific methods as 
more diverse skeletal collections are discovered and made available for study. 
Specifically, within the context of this study, future research aims will involve the 
refinement of the equations presented here using data from a more geographically diverse 
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